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INTRODUCTION 
This document constitutes the Third Quarter ly  Report on the 
work being performed under Thermo Electron 's  Contract No. 95 1263 
with the J e t  Propulsion Laboratory. The program is divided into two 
relatedtasks,  and has for  i t s  objective the development of a multi-  
converter  generator .  
Task I cen ters  on the i terative construction of nine engineering 
The aim of the f i r s t  models of a solar-energy thermionic converter .  
model is to partially duplicate the best  converter developed under 
Task  I1 of Contract No. 950671. The second and third models a r e  
principally geared to the incorporation of a modification in the heat- 
t ransfer  path of the collector-radiator s t ruc ture  to a s su re  efficient 
and reliable heat t r ans fe r .  
to effect a change in the mater ia ls  of the convoluted emit ter  s t ruc ture  
whereby the ent i re  s t ruc ture  will be made of rhenium. The sixth and 
seventh converters  will provide a study of two new collector mater ia l s ,  
and the eighth will be a final prototype incorporating all  the features  
found to improve performance in the course  of the work. The ninth 
prototype will be fabricated to demonstrate reproducibility of p e r -  
formance.  
The fourth and fifth models a r e  intended 
Task  I1 involves a generator flux analysis,  a shielding evaluation, 
and a mock-up environmental test  based on a selected generator de- 
sign. The analysis will determine the best  number of converters  to 
match  the converter heat requirements to the available so la r  energy, 
the optimum cavity aper ture  size,  the required adjustments of surface 
emissivi ty  and absorptivity values to ensure  even f l u x  distribution, 
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and the effects of changes in emi t te r  temperature  and heat input on 
flux distribution within the generator .  
intended to verify design assumptions on shielding heat l o s ses ,  and 
to select  a p r e f e r r e d  shield configuration. 
mental t es t s  will be conducted to explore a l l  a r e a s  of possible s t ruc-  
tu ra l  weakness to vibration, shock, acceleration and acoustical  en- 
vironments, and effect the design changes indicated. 
The shielding tes t  is pr imar i ly  
The mock-up environ- 
This report  covers  p rogres s  for  the period f r o m  September 4, 
1966, to November 30, 1966. 
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SUMMARY 
During the fourth quar te r  the fifth thermionic converter  engi- 
neering model,  T-205, was fabricated and tested.  This converter 
had a design spacing of 4 .2  mils instead of the spacing of i 75 miis 
which had been used f o r  model T-204. 
lower than that of T-204, but the fact  that Converter T-205 had to be 
outgassed and cesiated three t imes because of leak problems prevents 
concluding with certainty whether the difference in performance of 
these two models is solely the resul t  of a change in spacing. 
The performance of T-205 was 
It was also found during this reporting period that the arc-welded 
rhenium tubing used fo r  the fabrication of the all-rhenium support is 
often defective in the region of its s e a m  weld. Consequently, efforts 
have been made to pe r fo rm the seam welds of the tubes by electron- 
beam welding in the future.  
Fur ther  fabrication work involved the construction of p re s su re -  
bonded rhenium collectors and the lapping of emit ter  surfaces .  
Under Task  2,  a preliminary analysis of generator  performance 
has  been completed, which indicates that, of the severa l  multi-  con- 
v e r t e r  generator  configurations studied (namely, those with 10, 12, 14 
and 16 converters) ,  the l a rges t  generator is preferable  in o rde r  to 
a s s u r e  that the generator  cavity wi l l  be l a rge  enough to handle the flux 
delivel=ed by an 11.5-foot zAiyrcr at  the Tihlc  MQuntgin t e s t  si te .  
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CHAPTER 1 
1 1 Fabrication of Converter T-205 
As explained on page 19 of the Third Quarter ly  Report, i t  was 
noticed that Converter T-204 had a collector temperature  drop con- 
siderably high.er than that previously achieved. This increase  in col- 
l ec tor  tempera ture  has  been traced to the lack of d i rec t  heat t r ans fe r  
f r o m  the collector b a r r e l  to the radiator  fins, and this was, in turn, 
due to an oversimplification of collector s t ruc ture  design. The de- 
sign is shown in F igure  l .  To obviate this difficulty, the collector 
b a r r e l  of Converter T-205 was designed to incorporate slotted sec -  
tions that make  effective contact with the radiator  fins.  
Two other important design changes were  effected i n  the s t ruc-  
The f i r s t  change was suggested by the JPL t u re  of Converter T-205. 
Technical Representative and was to increase  the interelectrode spacing 
of the converter by 2 to 3 mils to a value approximately equal to 4.25 
mils. 
coiiector so a s  to leave a raised edge anrznc! the czllector face 12; 5 
mils wide and 2 to 3 mils high. 
i nc rease  in the collector face diameter,  s o  that the spacing between 
the cylindrical edge of the collector and the sleeve supporting the 
emi t te r  would be  of approximately the s a m e  magnitude as the inter- 
electrode spacing (that is, approximately 4 m i l s ) ,  and it would there-  
f o r e  be  m o r e  near ly  possible to optimize the operating conditions in 
the interelectrode spacing and a t  the collector per iphery simulta- 
neously e 
The increase  was accomplished by machining the face of the 
The second change was a very  slight 
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In o r d e r  to p r e s e r v e  the dimensional tolerances of the r a i sed  
edge on the collector face of Converter T-205, the collector surface 
was not chemically etched, a s  had been those of Converters  T-203B 
and T-204. As in Converter T-204, the emit ter  of Converter T-205 
is a slab of rhenium 0.060" thick, which, in the case  of Converter 
T-205, was found to be concave by 0. 0 0 0 7 3 t .  
than the 0 .  0003p' and 0.0004" out of f la t  that had been previously r e -  
corded in the F i r s t  Quarter ly  on page 38. 
tion f r o m  flatness of the emit ter  of Converter T-205 is not ser ious,  
however, because of the much l a rge r  interelectrode spacing. The 
deviation f r o m  flatness m a y  b e  the resu l t  of thermal  relief of the 
grinding s t r e s s e s  locked in the relatively thin rhenium slab.  
This is somewhat m o r e  
The slightly l a r g e r  devia- 
In a l l  o ther  respec ts ,  Converter T-205 was near ly  identical to 
Converter T-204, and i t  includes radiator  fins coated with chromium 
carbide.  
1 .2  Outgassing of Converter T-205 
The f i r s t  outgassing of Converter T-205 was applied fo r  65 
hours .  
dures  and se t  up for  testing. When the converter  was f i r s t  warmed 
up for  test, i t  became immediately apparent that there  was an a i r  leak, 
and testing was stopped. 
ve r t e r  had a leak a t  the pinch-off. 
the cause of this leak revealed that the copper tubing used f o r  ex- 
hausting the converter  had been polished with e m e r y  cloth in  the m a -  
chine shop as a final polishing operation. Normally, a copper tubing 
is not given this polishing but is used with the as - rece ived  f inish of 
The converter was then cesiated according to normal  proce-  
A leak check quickly showed that the con- 
Fur the r  investigation to determine 
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, 
the outside surface.  A microscopic  examination of the copper m a -  
t e r i a l  near  the pinch-off showed that emery  par t ic les  had remained 
embedded in the copper and very  likely had interfered with the pinch- 
off operation. 
m a y  have resulted f r o m  the a i r  leak, i t  was placed overnight in a fur -  
nace at 600" to 700°C a f t e r  removal of the defective pinch-off. 
new copper tubulation was brazed,  and the converter  was se t  up fo r  
a second outgassing. The outgassing was per formed for  a total out- 
gassing t ime of 68 hours .  It was then pinched off and cesiated.  
attempts were  made  to tes t  the converter ,  i t  was again discovered that 
an a i r  leak had developed. 
namely, a t  the pinch-off of the cesium rese rvo i r .  
cause  of this leak, an examination was made of the portion of copper 
tubing that had contained the cesium capsule f r o m  which cesium was 
distilled into the conver te r .  The inside wall of this tubing was found 
to be completely blackened. A portion of the tubing was then cut and 
rf-heated in an open bucket in vacuum a t  gradually increasing tem- 
pera tures  to observe the behavior of this black coating with increasing 
temperature  in vacuum. It was sustpected that this coating was cupric  
oxide, and, indeed, a t  about 600°C i t  turned to the charac te r i s t ic  
reddish color of cuprous oxide and pu re  copper.  
reasoned that this copper oxide had formed during the second out- 
gassing, when m o r e  oxygen was re leased  by the converter  while the 
outgassing tubulation was relatively cold and in the tempera ture  range 
which would readily cause  oxidation. 
i t  was then impossible to p e r f o r m  a successful  pinch-off. 
implied that the heating of the conver te r  in vacuum in a furnace  a t  
To clean the converter  f rom whatever contamination 
A 
When 
The leak was found a t  the s a m e  location, 
To diagnose the 
It was subsequently 
With an  oxidized inside wall, 
This then 
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600" to 700°C overnight had not been sufficient to remove the oxygen 
within the converter .  To improve upon this procedure the converter  
s t ruc ture  was then se t  up in i t s  outgassing stand r a the r  than the vac- 
uum a t  typical outgassing conditions with the pinch-off removed, so 
that a l l  oxygen could then be released f rom the surfaces  heated a t  
the i r  normal  operating conditions. 
lation was brazed in place,  the Converter was given a fur ther  out- 
gassing of one hour, and it was cesiated fo r  two hours  with the cesi-  
um ampoule a t  200°C. Subsequent a t tempts  to t e s t  the converter  
showed that the repa i r  had been successful.  
After this t reatment  a new tubu- 
1 .3  Testing of Converter T-205 
Converter T-205 was tested following the procedures  outlined 
in JPL Engineering Note ADEN 342-005, 
The relative collector work function measurement  indicated no 
change over a per iod of 56 hours,  a s  may be  observed in a compari-  
son of the vol t -ampere t r aces  1 and 22, which a re  appended. The 
.*el .u,bage e meascrec! a t  an output of 40 amperes ,  fo r  a collector tem- 
pe ra tu re  of 1042°K and a reservoi r  temperature  of 680"K, was 0.61 
V, and i t  is the lowest recorded so f a r  in this program.  This could 
b e  the resul t  ei ther of an increase in interelectrode spacing to 4 mils, 
o r  of contamination of the converter s t ruc ture  in the two instances 
when an attempt was made  to operate i t  a f te r  an a i r  leak had de- 
veloped. In the optimized 144-hour run, which was l imited to 26 
hours  so that other testing could proceed, the performance observed 
fo r  Converter T-205 is shown below, compared with that of the other 
four  converters  built under the program. 
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T-201 T-202 T-203B T-204 T-205 
Emit ter  temperature ,  OK 2000 2000 2000 1974 2000 
Output voltage, V 0 .60  0.80 0.80 0.77 0.77 
Output cur ren t ,  amperes  38.0 43.4 39 .3  41.4 49.3 
Reservoir temperature ,  OK 623 621 614 61 8 614 
Collector temperature,  'K 1030 1006 979 1074 1043 
Power input, watts 302 297 299 323 362 
Collector temperature  drop, "C 223 213 177 260 283 
Although i t  appears  f rom the above tabulation that the performance of 
Converter T-205 is superior  to that of T-204, this impression is, in  
vact, the resul t  of operation a t  a higher emi t te r  temperature .  
accurate  performance comparison is presented below. 
T-205 had a tendency to operate  a t  high col lector  temperature ,  its 
radiator  sur face  was increased by means  of four additional f ins m e -  
chanically fastened to the converter rad ia tor .  This  is the reason why, 
in the above tabulation, Converter T-205 a l so  opera tes  a t  a lower col- 
l ec tor  temperature in  spite of i t s  higher output cur ren t .  
f ins were a l so  used when obtaining the I - V  cha rac t e r i s t i c s  of T-205, 
but were removed before  the final s teady-state  run a t  1 .0  V in o rde r  
to conform with ADEN 342-005, which specif ies  that i n  this run no ad-  
ditional cooling o r  heating of the col lector  is to be used. 
A m o r e  
Since Converter 
The additional 
The fully optimized I - V  curves a t  2000°K show the following 
differences in converter output cu r ren t  (amperes  
10 
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I 
0 . 8  V 
1.0 v 
i . 2  'v' 
T-201 T-202 T-203B T-204 T-205 
28.3s 43.5 40.0 45.3 41.0 
20.8* 14e2* 23.2 26.0 22.1 
i4.6* l C . C *  l g . 1  lS.5 12.5 
The steady- s ta te  performance achieved with the various proto- 
types a t  an output voltage of 1 volt, with no heat applied to control col- 
l ec tor  temperature ,  and with optimized r e se rvo i r  temperature ,  is a s  
follows : 
Prototype: TE-103 T-201 T-202 T-203B 
Hohlraum temperature ,  O C 1723 1700 1700 1700 
Output cur ren t ,  amperes  32.5 14.8 12.3 17.6 
Reservoi r  temperature ,  OK 614 602 592 614 
Collector temperature ,  OK 1015 886 852 865 
Radiator temperature ,  OK - 7 37 720 739 
Collector temperature  drop, "C - 149 132 126 
Po-;;.er inpct, watts 282 220 202 226 
Overal l  efficiency, 70 11.5 6.7 6.1 7.8 
T-204 T-205 
1724 1720 
29.0 17.1 
614 590 
1002 928 
802 758 
200 170 
292 257 
9 .9  6 .6  
Figure 2 shows the cesium conduction data obtained f r o m  prototype 
T-205, compared with that f rom prototypes T-203B and T-204. The 
data  f o r  T-205 was plotted assuming that the effective heat t ransfer  a r e a  
would equal 3.50 sq cm. 
interelectrode spacing of Converter T-205 was of the o rde r  of 2.60 mils, 
As can be seen, i t  tends to indicate that the 
* 
The collector temperature  of these runs was too high (1.75 t imes  
the r e se rvo i r  temperature  instead of 1 e 6 0 ) .  
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a s  compared with the design value of 4 .20  mi ls  The reason for  the 
difference between the measured  and calculated values of spacing is 
probably the fact  that the effective a r e a  for  cesium heat t ransfer  may 
be  appreciably g rea t e r  than 3.50 sq c m .  In fact ,  the value of 3.50 s q  
c m  is based on the planar a r e a  of 2 -50  sq cm and the collector l a t e ra l  
a r e a  of 1 sq cm, which in Converter T-205 was spaced 4 mils f r o m  
the emitter support sleeve.  Therefore ,  i t  s e e m s  1ik.ely that the in te r -  
electrode spacing of Converter T-205 was g rea t e r  than 2.60 mils, and 
somewhere between 2.60 and 4.20 m i l s .  
During the fourth quar te r  i t  was found that recent  data for  the 
thermal  conductivity of rhenium indicates that the conductivity is sub- 
stantially higher than previously assumed.  
culation of the temperature  drop between the hohlraum and the emi t te r  
surface of the converter  has  been recalculated a s  follows. 
solid rhenium emit ter ,  the distance f r o m  the hohlraum to the emi t te r  
face is approximately 0.045 in. o r  0 .114 c m .  
t ransfer  has been calculated to be approximately (34.6 t 1.09 I) watts/ 
c m  in the vicinity of 2000°K emi t te r  tempera ture .  Assuming the 
thermal  conductivity of rhenium to be 0.48 watt/cm - OK at  200O0K, 
the calculated emi t te r  temperature  drop  fo r  a solid rhenium emi t te r  is 
* 
Consequently, the cal-  
F o r  the 
The converter  heat 
2 
AT = 10 t 0.25 I, "C 
where I is the output cur ren t  of the converter  in amperes .  The above 
expression gives jus t  about the value previously observed in p r e s s u r e -  
bonded s t ruc tures  of tantalum and rhenium. 
* 
"Thermal  Conductivity of Ta,  W, Re, Ta-lOW, T-111, T-222, 
W-25 Re in the Temperature  Range 1500"K-2800"K, 
and M. Hoch, University of Cincinnati, Cincinnati, Ohio. 
by C.K.  Gun 
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1.4 Emissivity Measurement of Radiator Coatings 
As explained in the Third Quarter ly  Report, a program has been 
conducted to evaluate the emissivity of various coating ma te r i a l s .  
The mater ia l s  reported in the Third Quarter ly  were  chromium c a r -  
bide, zirconium carbide and chromium oxide. The measured  values 
of thermal  emissivity for  these coatings were ,  respectively,  0 .61,  
0.61, and - 0.98. 
aluminum oxide (Rockide A) and zirconium oxideo have been evaluated 
using the same experimental  p rocedures  
were  found to  have relatively poor emissivi ty .  
for  Rockide A was 0 . 7 0  and that for  zirconium oxide 0 . 5 9 .  
sul ts  obtained on the five ma te r i a l s  tested indicate that, f rom an 
During the reporting period, two additional ma te r i a l s ,  
Both of these ma te r i a l s  
The value measu red  
The r e -  
emissivity standpoint, chromium oxide has  f a r  super ior  quali t ies.  
The decision to explore other ma te r i a l s  than chromium oxide had r e -  
sulted from the observation that, under cer ta in  c i rcumstances,  chro-  
mium oxide coatings may  have defective adherence to the substrate  
to which they a r e  applied. 
t e r i a l  with an emissivity a s  high a s  that of chromium oxide, regard-  
l e s s  of i ts  mechanical adherence proper t ies ,  i t  is  felt that improve- 
ments  in radiator  coatings will best  be obtained by focusing attention 
on the methods of application of chromium oxide coatings ra ther  than 
by the exploration of any new coating ma te r i a l .  Therefore ,  no addi- 
tional mater ia l s  fo r  radiator  coatings will be evaluated under this 
program,  and only minor  investigations of the method of application 
of chromium oxide coatings a r e  planned. 
In view of the difficulty in finding any m a -  
14 
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1 5 Fabrication of Rhenium Tubing 
The supplier of rhenium tubing, the rheniurir division of the 
Chase B r a s s  Company, has  relocated f r o m  Waterbury, Connecticut, 
LU UululLB Chic. A s  2 r e s n l t  cf this r e l n c a t i n n  t h e  Chase B r a s s  Com- 
pany was no longer in a position to fabr icate  rhenium tubing to custom 
dimensions.  
hand to fabr icate  the last four prototypes under this program, in-house 
fabrication of rhenium tubing was pursued very actively. 
i t  was discovered during the fourth qua r t e r  that the available rhenium 
tubing was often of marginal  quality and in a few instances developed 
leaks in the region of the seam weld. 
w h e r e i t m a y b e  observed that the arc-welded s e a m  is not uniformly 
melted on both s ides  of the seam.  
been melted,  and then i t  has resolidified against  the unmelted abutting 
edge a t  the seam.  Although the resulting weld is leak-tight, work un- 
d e r  other  programs a t  Thermo Electron has  shown that the weld can 
fail  a f te r  a few thermal  cycles to normal  operating conditions. 
L -  C - ? - -  
Since an  insufficient amount of rhenium tubing was on 
Fur thermore ,  
F igure  3 shows one such s leeve,  
The ma te r i a l  on only one s ide has  
The in-house effort to fabricate rhenium tubing has  consisted of 
order ing flat  rhenium stock 0.020;' thick, cutting i t  to the necessary  
dimensions, rolling i t  and electron-beam welding i t .  Both the rclling 
and electron-beam welding operations have been performed by outside 
vendors.  
fo r  prototype 1abi:icstioii after t h e  beam-welding npe ra t inn .  
following qua r t e rp  the tubes will be ground to final dimensions. 
F igure  4 shows the three s izes  of rhenium tubes required 
In the 
15 
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1 6 Fabrication of Pressure-Bonded Palladium Collector 
Because of the likelihood that one of the collector ma te r i a l s  to 
be evaluated in the remainder  of the program is palladium, arid be- 
cause  of the complete lack of knowledge on the technology of bonding 
palladium to appropriate substrate  ma te r i a l s  
effort of smal l  magnitude was conducted, 
preparing two subassemblies of p a r t s  for pressure-bonding palladium 
to a piece of molybdenum of a s ize  suitable f o r  being machined into 
collector s t ruc tures  for  any of the subsequent prototypes e When an 
attempt was made, by electron-beam welding, to seal  the tantalum 
container which would se rve  a s  the pressure-bonding envelope3 the 
temperature  reached by the tantalum in the immediate vicinity of the 
palladium piece was sufficient to cause melting of the l a t t e r .  
container was cut openp and is shown in F igure  5. 
ta iner  was modified so  that the thickness of the tantalum wall con- 
ducting heat to the palladium piece was reduced, and i t  could be suc- 
cessfully welded. It has  now been pressure-bonded,  and, although 
not yet finally machined, i t  s eems  to be sat isfactory for  use .  
a component evaluation 
This effort consisted of 
This 
The second con- 
1 7 Fabrication of Pressure-Bonded Rhenium _p__II_--- Collector 
I_ - 
The fabrication of a pressure-bonded rhenium collector was 
investigated to determine whether the bonded rhenium face on the col- 
lector  would withstand all the machining operations ana the high- tem- 
pera ture  firing required in prel iminary processing Both the molyb- 
denum and the rhenium pieces  were  cleaned and f i red  p r i o r  to p r e s -  
sure-bonding; the assembled s t ruc ture  has  now been machined, and 
the collector face has been lapped. Next, i t  will be degreased,  u l t ra -  
sonically cleaned, and f i r ed  a t  1350 to 1400°C in vacuum f o r  1/2 hour.  
The par t  a s  machined is shown in F igure  6. 
751 5 
F i g u r e  3 
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F i g u r e  4 
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Figure 5 
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F i g u r e  6 
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1.8  Lapping of Rhenium Emit ters  
In o rde r  to improve on the flatness of the emi t te rs  used, a lap- 
ping procedure has  been investigated f o r  use  p r io r  to electroetching. 
%;e er=.,itters are machined out of annealed 0.060" flat stockp and then 
lapped on an aluminum oxide flat  with four grades  of diamond lapping 
compounds. To evaluate the procedure,  the surface flatness of the 
emi t te rs  will be checked after electroetching and thermal  stabil iza- 
tion. 
the finish on the lapped face i s  of near  optical quality. 
Figure 6 a lso shows a lapped emit ter ,  where i t  can be seentha t  
21 
CHAPTER 2 
2.1  Pre l iminary  Analysis of Generator Per formance  
Figure 7 is a reproduction of F igure  31 of the F i r s t  Quarter ly  
Report, where the net heat available p e r  converter for  each of the 
two famil ies  of homologous converters  in the generator  is given a s  a 
function of cavity aper ture  diameter and the number of converters  in 
the generator .  
a r e  those which l ie  c losest  to the cavity aper ture ,  and those labeled 
QC4 a r e  those nea r  the bottom of the cavity. 
per formed for  the case  of ground tes t  with an 1 I .  5-ft-diameter m i r r o r  
a t  a so la r  radiation of 90 watts per  sq ft. 
that  the converters  lying close to the cavity aper ture  would have a 
cavity surface thermal  emissivity of 0.25 and the others  0.365, to 
ensure  thermal  balance. It was also assumed that the m i r r o r  would 
have a reflectivity of 88%, a shadow los s  of 570, and a window los s  of 
11%, and that i t  would deliver flux in the amount shown in F igure  8 .  
The converters  identified by the nomenclature QC3 
The calculation was 
Other assumptions were  
T L  11~e procedure =sed to calciulate the curve in Figure 8 is a l so  p r e -  
sented in the F i r s t  Quarter ly  Report, and i t  is jus t  a direct  geometri-  
ca l  scale-up of the performance of the best  electroformed 5-ft-diameter 
concentrators  known, 
Experience with the 5-ft-diameter concentrators has  shown that, 
Athc?l~gh t h e s e  concentrators have an  optimum cavity aper ture  of 0.5 
inch, the aper ture  often has  to be enlarged by a s  much as 40% in o rde r  
to obtain optimum performance in actual so la r  tes t s  of thermionic 
genera tors .  As F igure  7 indicates, there  is a maximum possible 
cavity aper ture  f o r  each generator design, which is governed by the 
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average cavity diameter ,  and this in turn is a function of the number 
of converters  c lustered around the generator  cavity, 
poses i t  should be assumed that the maximum prac t ica l  cavity aper -  
t u re s  corresponding to generators  having 10, 12, 14, and 16 convert- 
e r s  a r e  1.0,  1.25, 1.50 and 1.75 inches,  To the 0.5-inch optimum 
cavity aper ture  diameter  for  a 5-ft diameter  concentrator there  co r -  
responds a 1.15-inch optimum aper ture  for  an 11.5-ft diameter  con- 
centrator .  If this la t te r  cavity aper ture  value is in turn increased  by 
40%, i t  is found that a cavity aper ture  diameter  of 1.61 inches might 
be desirable.  This figure could be s t i l l  l a r g e r  if the geometr ical  ac-  
curacy of the 11.5-ft-diameter concentrator is substantially worse  
than that of the 5-ft concentrator.  Thus i t  appears  that only 14-con- 
ve r t e r  and 16-converter generators  a r e  l a rge  enough to operate  with 
an 11.5-ft concentrator diameter ,  and that the 14-converter generator  
s ize  is marginally satisfactory.  
F o r  design pur -  
In the following analysis the electr ical  performance of the gener-  
a tor  is calculated on the bas i s  of prel iminary re ference  converter  
data which i s  given in F igure  9 .  
observed in production-type conver te rs ,  scaled up by the rat io  of 
emit ter  a r e a s  of the present  T-200 conver te rs  to  that of the produc- 
tion converters,  namely 2.587/2.076 = 1.246. 
pera ture  of 2000°K the scaled-up data is a s  follows: 
This data is the average per formance  
F o r  a hohlraum tem- 
V = 0.6 Volt I = 84.3 Amperes  
= 0.8 Volt = 52.3 Amperes  
= 1.0  Volt = 21.6 Amperes  
= 1.2 Volts = 14.3 Amperes  
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The assumed cavity aper tures  a r e  1.50 inches fo r  the 14-con- 
ver te r  generator  and 1.75 inches for  the 16-converter generator .  
With these assumptions,  Figure 7 shows that the corresponding ave r -  
age values of net heat received by the converters  a r e  315 watts and 
250 watts. 
the same degree of optical accuracy a s  the best  5-ft concentrators ,  
the net heat received by the converters  should be reduced in propor-  
tion to the smal lness  of the required image a t  the focal point. 
calculation the value of 315 watts for  the 14-converter generator  has 
been reduced by 10% to 283 watts, and that for  the 16-converter gen- 
e ra tor  by 570 to yield a net heat value of 237 watts.  
Since an 11.5-ft-diameter m i r r o r  is not likely to achieve 
In this 
Knowing the amount of net heat available to the conver te rsp  i t  
is then possible to calculate the output cu r ren t  that the converters  
will be capable of delivering a t  2000°K. To do this,  the converter  
heat losses  a r e  estimated a s  follows: 
The cesium conduction is given by Figure  2.  
Assuming a r e se rvo i r  tempera ture  of 350°C and an in- 
terelectrode spacing of 2 mils, the total value is 16 watts.  
The emi t te r  support conduction lo s s  was calculated 
and given in Table 7, page 105, of the Task  I1 Final  Report ,  
Contract 950671, and is 58 watts total. 
The interelectrode radiation calculated for  an emi t te r  
and collector emissivity of 0.28, assuming an emi t te r  
temperature of 2000°K and a col lector  tempera ture  of 
1040"K, i s  34.4 watts.  
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Other radiation lo s ses  a r e  the internal  radiation 
f r o m  the portion of the emitter surface which is not op- 
posite the collector surface,  and the external radiation 
frcz. the lateral a r e a  of the emit ter .  
radiating a r e a  has  a diameter of 0.706 inch and a width 
of 6 mils, and i t s  value is 0,0865 sq  cm.  The c o r r e s -  
ponding internal radiation loss, assuming an emissivity 
of 0.28 and radiation between the temperatures  of 2000°K 
and 1040"K, is then 2.05 watts. To calculate the external  
l a t e ra l  radiation f r o m  the emitter,  i t  is assumed that the 
radiating surface is 0.040 inch high on a diameter  of 
0.727 inch, yielding a value of 0.581 sq c m  a r e a .  
assuming an emissivity of 0.28, conservatively assuming 
that the shielding around the emi t te r  will reduce the heat 
l o s ses  by only 1570 (that i s ,  a shielding factor of 0.85), 
and assuming radiation between the tempera tures  of 2000°K 
and 1040"K, the heat l o s s  calculated is 11.65 watts.  The 
total of the additional rzdiation lo s ses  is therefore  13.7 watts. 
The internal annular 
Again 
Adding a l l  these heat losses ,  i t  is found that the fixed lo s ses  
The total heat required p e r  p e r  converter amount to 122.1 watts. 
converter  is the sum of the fixed lo s ses  and the electron-cooling heat 
l o s s .  In the work done under Contract 950671, Task 11, i t  was found 
that electron cooling heat loss is near ly  ccjiIstar;t and is eqcal tn 2.72 
wat ts  p e r  ampere  of output. 
indicates that the electron-cooling loss  is about 2.78 watts p e r  ampere .  
Assuming this m o r e  conservative value, i t  is then found that the con- 
v e r t e r  heat l o s ses  will equal the net available heat quantities of 283 
and 237 watts when the output current  is 58 amperes ( fo r  the 14-con- 
v e r t e r  generator j  and 41 5 amperes  (for the 16-converter generator) .  
A prel iminary analysis of the T-204 data 
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The re ference  data plotted in Figure 9 shows that these output 
current  values will be obtained a t  corresponding output voltages of 
0.77 volt and 0.84 volt. Thus, each converter of the 14-converter 
generator will have an output power of 44.5 watts, and fo r  the 16- 
converter generator  this will b e  34.’8 watts. 
formance charac te r i s t ics  fo r  the two designs is presented below: 
A summary  of the p e r -  
N=14 
Cavity aper turep  in. 
Nominal heat received, watts 
Corrected heat input (10’70, 5%) watts 
Converter output current ,  amperes  
Converter output voltage, volts 
Converter output power, watts 
Generator output power,  watts 
Aperture a r e a ,  c m  
Black body reradiation f rom cavity, watts 
Net Heat received by generator ,  watts 
Generator efficiency, ‘70 
2 
1.50 
67 50 
6070 
58 
0.7’7 
44.5 
623 
11.4 
1040 
5030 
12.4 
N=16 
1.75 
6810 
6480 
41.5 
0.84 
34.8 
557 
15.5 
1410 
5070 
11.0 
-
It can be seen that the 14-converter designproduces m o r e  overal l  
power, but this is based on the assumption that a sufficiently accura te  
concentrator will be available, and a l so  on the assumption that the 
I-V character is t ic  of the converters  used will be  a s  s teep  as that 
shown in Figure 9.  The data obtained so f a r  in this p rogram indicates 
that the I-V charac te r i s t ic  will be  l e s s  steep; that is, the output a t  the 
higher voltages will be l a r g e r ,  o r  a t  the lower voltages i t  will be 
smal le r ,  thus tending to reduce the magnitude of the difference in 
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converter  output power that is predicted in the above table. 
on the aboveo it s eems  clear ly  preferable  to proceed with the design 
of a multi-converter generator  which would use  16 converters ,  the 
lsrgest number of converters  considered. 
Based 
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